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Abstract 
Dissolved gas analysis (DGA) is a powerful tool to diagnose transformer condition. Some internal fault can be depicted with the 
amount of generated gases or the ratio of some generated gases. This paper will discuss about generated gas tendency for two 
degradation level of insulating paper under low temperature overheating. Low temperature overheating simulation is conducted 
in several level of overheating temperature, 75 – 200 oC with 25 oC interval. New insulating paper (DP1040) has different 
behavior than bad degraded insulating paper (DP390) regarding to CO2 generation but has similar behavior regarding to CO 
generation as function of temperature. At low temperature overheating, degradation speed of new insulating paper is faster than 
bad degraded insulating paper. 
© 2013 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the Faculty of Information Science and Technology, Universiti Kebangsaan 
Malaysia. 
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1. Introduction 
Insulation system becomes major concern in transformer ageing process. Degradation on insulation system may 
lead to transformer serious problem and may reach transformer’s end of life. Generally, transformer insulation 
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system consists of two types of insulation, liquid insulation and solid insulation. Insulating paper is one of solid 
insulation in power transformer which is directly connected to transformer winding. Insulating paper made from 
cellulosic material provides outstanding oil impregnation characteristics and thus excellent performance in electrical 
fields [1]. Due to insulation system deterioration, even if the insulating oil is deteriorated and its characteristics 
worsen, some necessary transformer oil characteristics can be maintained or improved by oil replacement or 
treatment such as filtering and reclamation. Accordingly, deterioration of insulating oil does not govern the 
transformer life. But if insulating paper is deteriorated and its mechanical strength decrease, the transformer may 
reach its end of life because deteriorated insulating paper cannot be repaired or replaced. 
Insulating paper consists of anhydroglucose joined together by glycosidic bonds [1]. Fig. 1 shows polymeric 
chains of insulating paper. Since, the polymeric chains of insulating paper contain a large number of anhydroglucose 
rings, it has two weak points, C-O molecular bonds and glycosidic bonds. These bonds are thermally less stable than 
hydrocarbon bonds in transformer oil, and which decompose at lower temperatures. Significant rates of polymer 
chain scission occur at temperatures higher than 105oC.  Complete decomposition and carbonization will be 
happened at 300oC. Mostly carbon monoxide (CO) and carbon dioxide (CO2) are formed in much larger quantities 
than by oxidation of oil at the same temperature, together with minor amounts of hydrocarbon (H2, CH4) gases and 
furanic compounds [2, 3].  
 
Fig. 1. Polymeric chains of insulating paper [1] 
Degree of Polymerization (DP) is the average number (n) of glycosidic rings in cellulose macromolecule [1]. 
The condition of insulating paper is represented by higher number of DP. Higher number of DP value has higher 
tensile index [1]. It means that insulation paper in good condition has higher number of DP, usually DP value for 
new paper is 1000 – 1200 and DP value 200 is considered as the end of insulation paper life [1]. Due to lower 
temperature overheating, DP value of insulating paper may affect to generated gases, especially CO and CO2. In oil 
impregnated insulating paper, generated gasses due to overheating in insulating paper will be dissolved in 
transformer oil. Dissolved gas analysis (DGA) is widely used as transformer insulation system diagnostics since 
both of insulation material, solid insulation and liquid insulation, generates several kind of gasses due its 
degradation process. This study will examine correlation between degradation degree of insulating paper and 
generated gasses under low temperature overheating.  
2. Experimental set-up 
2.1. Experiment sample and condition 
Low temperature overheating experiment was using two kinds of insulating paper degradation condition, new 
insulating paper and bad degraded insulating paper. New insulating paper is insulating paper without treatment and 
DP value maintain in 1040. The second test specimen is insulating paper that has been treated as well as the DP 
value become 390 and this test specimen become insulating paper sample for bad degraded insulating paper. Test 
specimen size is 5 mm x 5 mm. The test specimen would be heated for 12 hours continuously. Heating temperature 
was varied from 75 oC to 200 oC with 25 oC interval. Transformer oil used in this experiment is new mineral oil. 
2.2. Experimental set up 
Localized low temperature overheating was simulated by a heating unit. Heating unit set up by arranging test 
specimen and heater temperature sensor between two ceramic heaters with rating of 1000 oC in air atmosphere and 
copper plates. Fig. 2 shows heating unit arrangement and experiment chamber set up. Another temperature sensor 
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was put in oil to detect oil temperature during heating process. The thermocouple has been calibrated to 0V for 0 oC 
using ice water. The measurement of temperature was determined by the electromotive force which is obtained by 
using thermocouple electromotive force table. Heating unit sets up in experiment chamber which contains 850 ml 
transformer oil. Transformer oil flows into the experiment chamber by vacuuming it. Transformer oil flows through 
filtering tube glass installed on upper side of experiment chamber to dehydrate and deareate the transformer oil. 400 
ml argon gas is inserted into the experiment chamber to fill gas part of experiment chamber. Total generated gasses 
will be measured from two parts of experiment chamber. Dissolved gasses in oil will be extracted using headspace 
and gasses in gas part will be extracted using gas bag and syringe. Gas chromatograph (Shimadzu GC2014) is used 
to analyze generated gasses. This system can prevent the influence of external factors and shorten the measurement 
time because all processes can be done in a single chamber [4].  
 
 
 
 
 
 
 
 
 
 
 
(a)                                                                                                 (b) 
Fig. 2. Experiment chamber set up, (a) photograph of chamber and heating unit set up, (b) Schematic diagram for chamber and heating unit set up 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Experimental set up for low temperature overheating 
Fig. 3 shows the photograph of experimental set up. Two DC voltage supplies were applied to ceramic heater 
and raised the heater temperature to the desire temperature value.  Temperature and time controller will monitor the 
heater and oil temperature present value and maintain the temperature in its setting value. Detected heater’s 
temperature was obtained from thermocouple installed in heating unit. This system will maintain the heater 
temperature remain constant in desire value for 2 hours. Graph recorder is use for recording the heater and oil 
temperature value 
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3. Experiment result and discussion 
 There are four kind of gasses generated during heating process, such as Hydrogen (H2), Methane (CH4), 
Carbon monoxide (CO) and Carbon dioxide (CO2). Fig. 4 shows composition of generated gasses for each insulating 
paper degradation condition after heating process.  Insulating paper under overheating generates CO2 as the 
dominant generated gas. Since low temperature overheating in transformer oil without test specimen not generate 
CO and CO2 [4], so CO and CO2 gasses detected in this experiment is produced by insulation paper.  
 
  
(a)                                                                                           (b) 
Fig. 4. Composition of generated gasses, (a) New paper (DP1040), (b) Bad degraded insulating paper (DP390) 
Fig. 5 shows the relation of generated CO2 with temperature. For new insulation paper, due to increasing 
temperature, generated CO2 shows decreasing trend but for bad degraded insulating paper shows not remarkable 
change. Fig. 6 shows the relation of generated CO with temperature. For both degradation conditions of insulating 
paper, generated CO gas shows increasing tendency due to increasing heating temperature. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Generated CO2 gas as function of temperature 
Fig. 7 shows the correlation of CO2/CO ratio with temperature. Heating temperature between 75 oC and 100 oC 
might become the critical point where the insulating paper starts to degrade. For temperature 100 oC to 200 oC, 
CO2/CO ratio show decreasing trend due to increasing temperature. Each insulation paper condition shows different 
behaviour in generating CO and CO2 gas. Table 1 shows the difference of decreasing slope for each insulation paper 
condition. As temperature increase, new insulating paper is degraded faster than bad degraded insulating paper. 
Lower value of CO2/CO ratio is indicated worse fault occurred. 
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Fig. 6. Generated CO gas as function of temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.7. CO2/CO ratio as function of temperature 
 
Table 1. CO2/CO Ratio and temperature correlation equation 
Insulating Paper Degradation 
Level 
CO2/CO ratio and Temperature 
correlation equation 
Slope 
New paper (DP1040) y = -0.289x + 60.03 -0.289 
Bad Degraded (DP390) y = -0.127x + 30.79 -0.127 
   
4. Summary 
The experiment was conducted to simulate the impact of low temperature overheating applied to various 
degradation condition of insulating paper. Generated gas was detected and measured using DGA test set after 12 
hours heating process. For new insulating paper, generated CO2 shows slight decreasing tendency and generated CO 
shows increasing tendency. For bad degraded insulating paper, generated CO2 shows not remarkable change and 
0
10
20
30
40
50
60
50 75 100 125 150 175 200 225
C
O
 G
as
 A
m
ou
nt
 (
ul
)
Temperature (oC)
New Paper (DP1040) DP390
0
5
10
15
20
25
30
35
40
50 75 100 125 150 175 200 225
C
O
2/
C
O
 R
at
io
Temperature (oC)
New Paper (DP1040) DP390
262   A. Susilo et al. /  Procedia Technology  11 ( 2013 )  257 – 262 
generated CO shows increasing tendency. At lower temperature overheating, degradation speed of new insulating 
paper is faster than bad degraded insulating paper.  
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